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Abstract

The recent developments of the RIKEN 10 GHz
ECRIS and the 8 GHz NEOMAFIOS is described. We
upgraded the performance of the 10 GHz ECRIS by
modifying the first stage into the plasma cathode method.
As a result, beam intensities produced not only from
gaseous elements but also from solid materials are
increased. Up to now, 47 kinds of ions were successfully
extracted from the NEOMAFIOS. Recently Li, B and F
ions are produced from solid rods of B and LiF.

1. INTRODUCTION

The RIKEN 10 GHz ECRIS has been operated
since 1989 as an external ion source of the AVF cyclotron
and many kinds of ions have been successfully extracted
and accelerated up to now. Furthermore several
developments have been done, i.e., coating method[1],
biased electrode[2,3] and plasma cathode method[4].

For upgrading the RILAC performance , an 8 GHz
NEOMAFIOS has been ordered to CEA/IRF( Grenoble,
France) as a new ion source of it. The NEOMAFIOS was
tested in 1990 and the beam service for users was started
from 1991. Up to now many kinds of beams , not only
gaseous elements but also metallic ions, have been extracted
and accelerated stably.[5]

In this paper, we report the recent status of the
RIKEN ECRIS's. In section II, the recent development of
the RIKEN 10 GHz ECRIS (plasma cathode method) is
presented. In section III , the status of the NEOMAFIOS
are described. Especially, new ions such as Li ,B ,and F
ions are extracted recently. The detail of this method is also
presented in this section.

II. RIKEN 10 GHz ECRIS

In order to increase the beam intensity of highly
charged ions, we used so-called plasma cathode method.
The design and preliminary performance are described in
ref. 4. The first stage was isolated electrically from the
second stage. The accelerating electrode which has a central
hole (10 mm) was placed in front of the first stage to extract
the electrons from there efficiently. A negative bias voltage
is supplied between the first stage and the electrode. Figure
1 shows the results for gaseous elements. Open and closed
circles are the best results without and with using the plasma

cathode method. The gas pressure of the second stage is
almost one order of magnitude lower than that without using
this method[4]. This is a great advantage to reduce the
consumption of gas when using expensive gases like 36Ar .
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Fig.1 Charge state distributions for gaseous elements. Open
and closed circles are the best results without and with using
the plasma cathode method, respectively.

Recently we tried to produce metallic ions using
this method. To produce Mg, Al, Ni and Zr ions, we used
ceramic rods of MgO, Al,0;, NiO, and ZrO. These ceramic
rods are inserted into the plasma region through open space
between poles of the sextuple magnet in the second stage
and heated to obtain the sufficient vapor pressure. Figure 2
shows the result of the metallic ions. Open and closed
circles are the best results without and with using this
method. The beam intensities of highly charged ions are



remarkably enhanced. This is due to the increase of the
electron density and electron temperature. [4]
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Fig.2 Charge state distributions for metallic ions. Open and
closed circles are the best results without and with using the
plasma cathode method, respectively.

II. 8 GHz NEOMAFIOS

The 8 GHz NEOMAFIOS is used as a new ion
source of the RILAC. The results on the test bench and
preliminary performance on the high voltage terminal of
RILAC was already reported in ref.5.

Recently we successfully produced Li, B, and F
ions using solid rods. To produce B ions, we tested the two
materials: BN and B. When we used a rod of BN, the
vacuum of the plasma chamber becomes worse due to
outgasing from the BN and then we could not obtain
enough current from the ECRIS. In order to produce F
ions, we used a LiF rod . Until then, the SF¢ gas had been
used to produce F ions. Figure 3 shows the beam intensity
of F ions for each charge state compared to that produced
from SFg. The beam intensity of F ions produced using a Lif
rod is remarkably larger than that using SF¢ gas.

The ions produced with the RIKEN NEOMAFIOS
are listed in Tablel. Foty-seven kinds of ions are
successfully extracted from it. In this table, inverted
numbers represent the ions accelerated by the RILAC and
used for experiments.
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Fig.3 Charge state distributions of F ions. Open and closed
circles are the best results when using SF¢ gas and a LiF rod,

respectively.
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Table 1. Ion currents from the RIKEN NEOMAFIOS.

Ion Currents from ECR Ion Source (u A) Jun 17 ,1993
Isotope| Gas Charge State Remarks
141243+ |4+|6+ |6+ [T+ |8+ |9+ 10+11*12+13+14+15fl6+17+18+19+k0+21#b2+|23+

4He He 0 210

12C  |CO,He| 75|57 X 23

MUN | N,;He {90 ¢ 50| 30|28

160 0, |9 65 15[ 6 [03

19F He [120{110[40]13]3 LIFA % 4, rod
20Ne | Ne,He [215 jtcg 82 & 65(1.7

2S5 | SF.He 11 |

©Ar | ArO; 50 ofl 24 0.7]0.1

aKr | Kr,0; 175 17 9 |37 12 1 05

123Xe | Xe,0, 11§l 13| 65| |[38 22| [13[11] TJo4

165Xe | Xe0, 37|37 REf 32 L1 03 136Xe (835%)
7Li He [106|72 LiF, 4 x 4, rod

uB He |[l1]22]|23|05 B, #38

4Mg| He |45 0 15 MgO, ¢ 4, rod

21 Al [0 2 2 ALO» ¢ 4, rod
28Si He 1 Si0 63, rod
©Ca 0. 72|70|s6] [36[27][27]26 55] 1 cs0, ¢ 67, rod

48 Ti [N 52 14 6544 03 T ¢2 rod

51V [} 25 75[12 |12 1210 |75 PER 24] 1 V. 1, 2rods
s2Cr [0 X 9 27 33 15 [83|58]36] 2 03 cr, 62, rod | Cr0,
ssMn | O, 51|68 421199 | 4 |26]08 {4 4, Ta crucitie | M0,
ssFe | He,O; 15]15 11{e2f%f 3|1 Fe. 4 1, 2rods
58Ni | He,0, 4 |48 8 14 8] [17]os]03 NL ¢ 1, 2rods | NO
%Co | He 36| 7[16|26]|26[19]11] 6 [22 2 [07]02 Co, ¢ 1, 2rods
63Cu (o3 9 1917 65| 4 |6 4. Ta crucibie | Cu0
647Zn He 32 H|26 8333|111 6 4. Ta crucible | Zn0
14Ge O 18] 3 43|55|63| 6 [46]/26]13{05[03 | 4 Ta crucible | Geo;
8Y He 54[3.1 26| 3 [45/66[75 56 11 Y:0n 4% 4, rod
0Zr [} 1 17]19]26]42]45] 5 [65 26 08 0. 62, rod
x’Nb | O, 1f19f{23f13les|[7{7]7]5]3]17]o6 Nb, 3, rod

88 Mo 0. 38| 5 35| 3 0.7 Mo, ¢ 2, rod
13Rh | O, 05[12[23 41(52]81]|89]/92(89 5.7 2.1 0.7 RN 61, rod
107Ag | He 12[26(52 8487 9 |73]|65]49]25]16][12]09]04 Az ¢3, rod
15In [N 10/21{31]24[22[16[14]11]75]53]45] 3 | 2 |12{06]02 ¢ 4. Ta crudbie | In0y
1205n | He,O; 3 |52|57 107 42(27]18] 1 0.2 16 4. Ta crucible | Sa0;
12Sm | O, 04 08{13]18 47(5.1 kY 5.3[49[36]24 sm. ¢ 4 rod
164Dy | He,0, 4 |5.1]59 6.7]49/29] 2 [18]15[1.1]07]03 Dr. 463, rod
1isHo | O, 0.7[12 25(53 6|5 [39]/26{16]/06 02 Ho, ¢ 1, rod
168Er | He,O, 2(3[43 1| 95(7.7|57[41[19 ler o4, ros
1wHf [ O, 2 |25{37 76 43| 3 13| 1 [os HL $2, rod

181 Ta [0} 85 18[19(19 1412 8 55| 5 |43] 3 1106 Ta. 61, rod

184 W [o} 09| 1 [14]17]|24 4 3 15[09]05[02 W, ¢ 1. rod

187 Re [o} 48 11]12]11]83 41[43]36{23]18] 1 |0s6]03 Re, #1, rod
181r [o} 29|92{11]8s]65 54[48[35 1.7]09]os5/02]0.1 Ir, 1% 1, rod
199Au | O, 14 19{17f14 10| 6 14340]26[15]08]0.4]03 6 4, Ta crudbie
208 Pb 0, 1 14[13|11]83 1.7] 1 |05/03]01] e« Ta cuamie 1 Pro
209 Bi He 33 83| 10 k¥ 76|56 | Eifi23|14]09]o5 [ 6 4 Ta crucible | BiO,




